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[57] ABSTRACT 
An illumination apparatus includes a discharge tube for 
emitting light upon an application of an external high 
frequency wave electromagnetic ?eld, an electrode, 
arranged outside the discharge tube, for applying the 
high frequency wave electromagnetic ?eld to the dis 
charge tube, a high frequency wave applying unit for 
supplying high frequency wave power to the electrode, 
and a projected portion extending from the discharge 
tube. The projected portion extends to a position where 
the high frequency wave electromagnetic ?eld gener 
ated by the electrode has a level lower than a discharge 
initiation level. The high frequency wave power is con 
trolled by changing a voltage, a frequency, a duty ratio 
or the like. 

17 Claims, 16 Drawing Sheets 
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ILLUMINATION APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an illumination appa 

ratus for externally applying a high frequency wave 
electromagnetic ?eld to a discharge tube, thereby caus 
ing light emission of the discharge tube. 
More particularly, the present invention relates to an 

illumination apparatus suitable as a light source for 
original exposure in an original reading system. 

2. Related Background Art 
Fluorescent and halogen lamps have been very popu 

lar as conventional illumination apparatuses for original 
exposure in original reading systems or the like. 
The ?uorescent lamp emits a small quantity of light 

and is used as a conventional illumination apparatus for 
a low-speed original reading system. If the ?uorescent 
lamp is used as an illumination apparatus for a high 
speed original reading system by increasing power sup 
ply and brightness (i.e., the quantity of emission light), a 
?lament arranged inside the ?uorescent tube is melted. 
Therefore, the level of power supplied to the ?uores 
cent lamp is limited, and the ?uorescent lamp is not 
suitable for ahigh-speed original reading system. 
The halogen lamp has a large quantity of emission 

light and has been used in an original reading system. 
However, the halogen lamp generates infrared rays 
having wavelengths outside the wavelengths of visible 
light range required for reading the original. Power 
consumption of the halogen lamp is large, and luminous 
ef?ciency thereof is low. In addition, the infrared rays 
generate heat, which requires a cooling unit, and in 
particular, a large cooling unit. Therefore, the halogen 
lamp is not suitable as a compact, inexpensive, low 
power consumption illumination apparatus. 
The present inventors have already proposed illumi 

l0 

30 

nation apparatuses for generating a large quantity of 40 
emission light in the visible light range so as to solve the 
above problem, as disclosed in copending U.S. patent 
application Ser. Nos. 944,863 and 942,833. 
As shown in FIGS. 6 and 7, each illumination appara 

tus of U.S. Ser. Nos. 944,863 and 942,833, comprises a 
discharge tube 1 for emitting light in response to a high 
frequency electromagnetic ?eld, electrodes 2 mounted 
on the outer wall surface of the discharge tube 1, and a 
high frequency wave applying means 3 for applying a 
high frequency wave to the electrodes 2. 

In a conventional illumination apparatus for causing 
the discharge lamp to emit light upon an external appli 
cation of a high frequency wave electromagnetic ?eld 
to the charge tube, high power can be applied to the 
electrodes. In addition, such an illumination apparatus is 
suitable as an exposure light source in an original read 
ing system so as to primarily generate light in the visible 
range. 
However, in this illumination apparatus, ultraviolet 

rays caused by oxidation of a discharge initiator such as 
mercury inside the discharge tube serves as a light emis 
sion source. If a temperature in the discharge tube var 
ies, the vapor pressure of the discharge initiator gas and 
hence luminous ef?ciency of ultraviolet rays is changed. 
As a result, luminous ef?ciency varies. 
The present inventors found that the quantity of emis— 

sion light varied if variations in luminous ef?ciency 
caused changes in temperature of the discharge tube. 
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2 
SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
illumination apparatus wherein the quantity of emission 
light does not vary even if a change in temperature of a 
discharge tube occurs. 

It is another object of the present invention to pro 
vide an illumination apparatus wherein stable lighting 
initiation can be achieved regardless of changes in cir 
cumferential temperature. 
The above and other objects, features and advantages 

of the present invention will be apparent from the fol 
lowing detailed description taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing an arrangement 
of an illumination apparatus according to an embodi 
ment of the present invention; 
FIG. 2 is a schematic view for explaining the princi 

ple of the present invention; 
FIG. 3 is a block diagram of a temperature adjusting 

means 5 shown in FIG. 1; 
FIGS. 4 and 5 are schematic views of illumination 

apparatuses according to - other embodiments of the 
present invention, respectively; 
FIGS. 6 and 7 are views for explaining the back 

ground art of the present invention; 
FIG. 8 is a graph showing a change in temperature at 

a projected portion; 
FIG. 9 is a graph showing the quantity of emission 

light when circumferential temperature is changed; ‘ 
FIG. 10 is a graph showing changes in emission light 

when the temperature of the projected portion of the 
discharge tube is changed; 
FIG. 11 is a view for explaining an arrangement of an 

illumination apparatus having a discharge tube pro 
jected portion in an electrode coil; 

FIGS. 12 and 13 are .views for explaining an illumina 
tion apparatus according to still other embodiments of 
the present invention, respectively; 
FIG. 14 is a block diagram showing an arrangement 

of a high frequency voltage changing circuit; 
FIG. 15 is a waveform chart of the circuit shown in 

FIG. 14; 
FIG. 16 is a block diagram showing another arrange 

ment of the high frequency voltage changing circuit; 
FIG. 17 is a waveform chart for explaining the opera 

tion of the circuit shown in FIG. 16; 
FIG. 18 is a block diagram showing still another 

arrangement of the high frequency voltage changing 
circuit; 
FIG. 19 is a block diagram showing still another 

arrangement of the high frequency voltage changing 
circuit; 
FIG. 20 is an output waveform chart of the circuit 

shown in FIG. 19; 
FIG. 21 is a block diagram showing still another 

arrangement of the high frequency voltage changing 
circuit; 
FIG. 22 is a sectional view of a copying machine to 

which the present invention is applied; and 
FIGS. 23 and 24 are timing charts for explaining 

operations of the copying machine incorporating the 
high frequency voltage changing circuit. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
be described with reference to the accompanying draw 
m s. 

5The same reference numerals denote the same parts 
throughout the speci?cation. 
FIG. 1 is a schematic view showing an illumination 

apparatus according to an embodiment of the present 
invention. A discharge tube 1 comprises an elongated 
glass tube made of soda glass or pyrex. A phosphor is 
applied to the inner surface of the glass tube. A dis 
charge initiator such as mercury and an inert gas such as 
Ar are sealed in the discharge tube 1. An electrode 2 is 
constituted by winding a conductor on. the discharge 
tube 1 a plurality of times along the longitudinal direc 
tion of the tube. The conductor is exempli?ed by cop 
per or stainless steel subjected to minimal oxidation. 
The electrode may be slightly separated from the outer 
wall surface of the discharge tube 1 but is preferably 
brought into direct contact with the outer wall surface 
of the discharge tube so as to minimize power loss act 
ing on the discharge tube 1. 
A high frequency wave voltage is applied from a high 

frequency wave applying means 3 to the electrode 2. 
When the high frequency wave voltage is actually ap 
plied from the high frequency wave applying means 3 
to the electrode 2, the mercury gas in the discharge tube 
1 is excited by the high frequency wave electromag 
netic ?eld to generate ultraviolet rays. The ultraviolet 
rays impinge on the phosphor layer formed on the inner 
surface of the discharge tube, thereby generating light 
in the visible range. 
A projected portion 4 extending from the discharge 

tube 1 has a distal end 41. When the discharge tube 1 is 
lit, the distal end 41 serves as a portion where the inten 
sity of the high frequency wave electromagnetic ?eld 
generated by the high frequency wave voltage applied 
to the electrode 2 is weakened below the discharge 
initiation intensity. In other words, the distal end 41 
serves as a portion which tends not to be influenced by 
any temperature rise caused by the high frequency elec 
tromagnetic ?eld and is thus spaced apart from a light 
emitting portion where the high frequency wave elec= 
tromagnetic ?eld is concentrated. More speci?cally, the 
distal end 41 of the projected portion 4 is prepared such 
that the diameter of the tube is decreased to several mm 
and this small-diameter portion is extended from one 
discharge tube end by 50 to 100 mm and is bent in an L 
shape. Since the projected portion 4 is constituted by 
the small-diameter portion, ions and electrons tend not 
to be moved in the projected portion 4 when the dis 
charge tube 1 is lit. A small-diameter portion may ex 
tend from the center of the discharge tube 1 in a direc 
tion perpendicular to the axis of the tube 1 so as to 
constitute a T-shaped structure, or a U-shaped small 
diameter portion may be used within the range of condi 
tions determined by installation conditions of the illumi 
nation apparatus. 

Variations in quantity of light which are caused by 
temperature changes depend on variations in saturated 
vapor pressure. Since the portion 4 projected from the 
discharge tube 1 is formed integrally with the tube, the 
saturated vapor pressure inside the discharge tube 1 is 
determined by the saturated vapor pressure inside the 
projected portion 4. Therefore, variations in quantity of 
light can be greatly reduced. 
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4 
A temperature adjusting means 5 is connected to the 

projected portion 4. The discharge initiator atoms such 
as mercury atoms are exited by the high frequency 
wave electromagnetic ?eld generated by the high volt 
age having a frequency of 1 MHz to 102 MHz, a voltage 
Vpp of 200V or higher and a duty ratio of 5 to 90% and 
applied from the high frequency wave applying means 3 
to the electrode 2. The ultraviolet rays (primarily a 
wavelength of 253.7 nm) are generated. The ultraviolet 
rays impinge on the phosphor layer to emit light in the 
visible range. 
The temperatures of the discharge tube 1 and the 

gases inside the tube 1 are increased by the high fre 
quency wave electromagnetic ?eld generated by the 
electrode 2. When the saturated vapor pressure of the 
discharge initiator is changed, the quantity of ultravio 
let emission from the discharge initiator gas is changed. 
Therefore, the quantity of visible light emitted from the 
phosphor is accordingly changed. A curve representing 
a change in light quantity is an inverted U-shaped curve 
having a vertex between 30° C. and 50° C. The change 
in light quantity appears as a function of the change in 
temperature of the wall of the discharge tube 1. The 
temperature of the outer wall surface of the discharge 
tube at a portion where the high frequency wave elec 
tromagnetic ?eld is concentrated is very high. More 
speci?cally, the temperature of the light-emitting por 
tion at which the high frequency wave electromagnetic 
?eld is concentrated reaches 200° C. or higher. If the 
discharge tube does not have a projected portion, this 
temperature rise decreases the quantity of light. How 
ever, in the discharge tube with the projected portion 
according to this embodiment, the saturated vapor pres 
sure is determined by the temperature of the portion 4 
projected from the discharge tube 1. The mercury 
vapor pressure can be determined by the projected 
portion 4 which receives the least influence of tempera 
ture changes. As a result, changes in quantity of light 
are small. More preferably, the portion having the low 
est temperature can be maintained at a temperature 
(between 30“ C. and 50° C.) for obtaining a maximum 
quantity of emission light. Therefore, a larger quantity 
of emission light can be obtained by temperature adjust 
ment without decreasing the quantity of light. 

In the discharge tube in the illumination apparatus 
according to this embodiment, the intensity of the high 
frequency wave electromagnetic ?eld generated by the 
high frequency wave voltage applied to the electrode 2 
is very low at the L-shaped projected portion 4 in the 
discharge tube 1. As shown in FIG. 2, even if an inde 
pendent discharge cell having the same shape as the 
projected portion 4 and sealing therein an inert gas (e.g., 
Ar) and a discharge initiator (e.g., mercury), both of 
which have the same compositions and pressures as 
those in the discharge tube 1, is used, electric discharg 
ing does not occur in the discharge cell during opera 
tion of the discharge tube 1, since it is not in a position 
to receive a sufficient electromagnetic ?eld. The pro 
jected portion 4 is preferably disposed at a position 
where the high frequency wave electromagnetic ?eld 
intensity is set below the discharge initiation intensity 
during normal lighting of the discharge tube. In the 
discharge tube 1 (FIG. 1) having an integral projected 
portion 4, even when the projected portion 4 is disposed 
at a position where the high frequency wave electro 
magnetic ?eld intensity is set below the discharge initia~ 
tion intensity during normal lighting of the discharge 
tube 1, the ions and electrons in the discharge tube cause 
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an electromagnetic ?eld distribution during lighting of 
the large-diameter discharge tube 1. As a result, elec 
trons leak from the large-diameter discharge tube 1 to 
the small-diameter projected portion 4, and weak emis 
sion occurs in the discharge tube 1. However, this emis 
sion differs from that caused by discharging when the 
high frequency wave electromagnetic ?eld generated in 
cooperation with the electrode 4 by the gases in the 
projected portion 4 exceeds the discharge initiation 
intensity and discharging continues. Therefore, the tem 
perature increase of the light-emitting portion by the 
above emission is very small. The emission at the pro 
jected portion 4 is caused by discharging mainly in 
duced by electron mobility inside the discharge tube 1. 
The emission at the projected portion 4 is assumed not 
to cause rapid temperature rise of the gases unlike in 
discharging accompanying electron and ion behavior of 
the large-diameter discharge tube 1 upon an application 
of the high frequency wave electromagnetic ?eld, the 
intensity of which exceeds the discharge initiation inten 
sity. The projected portion 4 does not receive heat from 
the light-emitting portion heated to a high temperature 
due to a low heat conductivity of the discharge tube 
material. The temperature of the projected portion 4 is 
therefore substantially the same as the ambient or cir 
cumferential temperature. As a result, the projected 
portion 4 serves as a portion having a lowest tempera 
ture lower than that of the tube. When the temperature 
of the projected portion 4 is adjusted to a temperature 
(preferably 30‘ C. to 50° C.) higher than room tempera 
ture, the quantity of light from the discharge tube can 
be accurately adjusted, operation stability can be 
achieved, and the peak quantity of light can be ob 
tained. 

Control for the lowest temperature (coldest point) is 
performed by the temperature adjusting means 5. As 
shown in FIG. 3, the temperature adjusting means 5 
comprises temperature detecting units 6 such as therm 
istors for generating electrical signals in response to a 
plurality of temperatures, an analog-to-digital (A/D) 
converting unit 7 for converting analog signals from the 
temperature detecting units 6 into digital signals, a con 
trol unit 8, a heating unit 10 such as a heater, and a 
heater drive unit 9 for driving the heating unit 10. The 
temperature detecting units 6-are arranged to surround 
the projected portion (the portion having the lowest 
temperature) 4 of the discharge tube 1 and generate 
electrical signals corresponding to the detected temper 
atures. Each analog signal is converted into a digital 
signal by the A/D converting unit 7. The control unit 8 
compares a plurality of digital signals from the tempera 
ture detecting units 6 through the A/D converting unit 
7 and selects a signal representing a minimum tempera 
ture (lowest temperature). The control unit 8 then com 
pares the signal representing the minimum temperature 
with a reference temperature for giving a maximum 
quantity of light. A signal representing a difference 
between the minimum and reference temperatures is 
supplied to the heater drive unit 9. The heating unit 10 
is arranged to extend over the entire area of the lowest 
temperature portion and is driven by the heater driving 
unit 9. A discharge tube temperature for giving the 
discharge initiator vapor pressure for causing the gas to 
emit light with the maximum quantity of light is given 
between 30° C. and 50° C. (about 37° C. in this embodi 
ment in FIG. 16). Since this temperature is normally 
higher than room temperature, the projected portion 4 
is cooled by atmospheric air (heat dissipation). With the 
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6 
above arrangement according to this embodiment, since 
forced cooling is not performed, no cooling unit is used. 
The number of output factors is reduced in temperature 
adjustment to simplify the adjustment method. There 
fore, the temperature adjusting means can be simpli?ed. 

In the above description, the reference temperature 
set in the control unit is determined to obtain the maxi 
mum quantity of light. However, the quantity of light 
can be adjusted by setting the reference temperature at 
a temperature higher than room temperature. 
FIG. 4 shows an illumination apparatus according to 

another embodiment of the present invention. A dis 
charge tube lb comprises an aperture type elongated 
tube for increasing the quantity of light. The discharge 
tube 1b has a nonphosphor portion with a small width 
along the longitudinal direction thereof. A light-emit 
ting portion is arranged inside a metal vessel 11. A 
small-diameter projected portion 4 is disposed outside 
the metal vessel, i.e., in the outer atmosphere. One or a 
plurality of electrodes 2b are arranged with respect to 
the discharge tube 1b. Each electrode 2b is prepared by 
winding a conductive wire a plurality of turns into a 
coil. A high frequency voltage applied to the same high 
frequency wave applying means as that in FIG. 1 is 
applied to the electrodes 2b. The high frequency wave 
applying means 3 is entirely or partially housed in the 
metal vessel 11. However, the high frequency wave 
applying means 3 may be arranged outside the metal 
vessel 11. Light is emitted from the discharge tube 1b to 
the outer atmosphere through a window 12 of the metal 
vessel 11. 
With the above arrangement, the high frequency 

wave electromagnetic ?eld generated near the elec 
trodes 2b are shielded by the metal vessel 11 arranged 
between the projected portion 4 and the electrodes 2b 
and does not reach the projected portion 4 of the dis 
charge tube 1b. 

In the embodiment shown in FIG. 4, the projected 
portion 4 of the discharge tube 1 is separated from the 
high frequency wave electromagnetic ?eld applying 
portion, and temperature rise by the high frequency 
wave electromagnetic ?eld can be further prevented as 
compared with the arrangement of FIG. 1. A thermal 
coupling between the light-emitting portion of the dis 
charge tube lb and the atmospheric air flow is pre 
vented. Therefore, the temperature of the portion hav 
ing the lowest temperature in the discharge tube is set to 
the circumferential temperature. In this case, the tem 
perature adjusting mean can be omitted. Temperature 
adjustment of the portion having the lowest tempera 
ture can be performed by the circumferential tempera 
ture (i.e., room temperature). With this arrangement, 
the high frequency wave electromagnetic ?eld gener 
ated by the metal vessel can be shielded, and high fre 
quency noise to the external atmosphere can be re 
duced. In addition, in the embodiment of FIG. 4, as 
compared with the electrode 2 prepared by winding the 
wire on the discharge tube along the longitudinal direc 
tion thereof, each electrode 2 has a small width along 
the longitudinal direction of the discharge tube 1b. In 
particular, a space inside the metal vessel can be omitted 
in a connecting portion between the small-diameter 
projected portion 4 of the discharge tube 1b and the 
large-diameter portion. The projected portion 4 can be 
exposed outside the vessel 11 from the connecting por 
tion between the large- and small-diameter portions. 
The volume of the projected portion 4 of the discharge 
tube 1 outside the vessel 11.is increased. Therefore, the 














